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EFFECT OF SHORT TERM FUNGICIDAL PROGRAMME ON 
NON-TARGET PHYLLOPLANE FUNGI OF SOYBEAN 


by Renu PANDEY and Vijay KUMAR ‘ 


ABSTRACT - Five fungicides (captan, ziram, mancozeb, zineb and carbendazim) were sep- 
arately applied on field grown soybean plants to find out their effects on phyltoplane fungal 
population and particularly Alrernaria alternata. Ziram caused appreciable decline in popu- 
lation of the latter with little recovery afterwards, Fungicides reduced both composite phyl- 
loplane population and number of taxa immediately after spray compared with control, but 
the long term effect was subsequently nullified in later samplings. Fungal species tolerant to 
spray included non-pathogenic Alternaria alternata, Cladosporium herbarum and Mortierella 
subsilissima. Populations of Aspergillus nidulans and Penicillium citrinum were notably pro- 
moted following treatments. Diversity values under individuai fungicidal stress lowered with 
age. Evidences of leaf surface early recolonization after short term spray programme is an 
indicator to design appropriate chemical application. 


RESUME - Cinq fongicides ont été appliqués sur soja afin d’¢tudier leurs effets sur la po- 
pulation fongique du phylloplan, et particuliérement sur Alfernaria alternqia. Le ziram pro- 
voque un dechn de ce dernier avec peu de reprise ultérieure. Compares aux coniroles, et 
immediatement après application, les fongicides réduisent la population du phylloplan et le 
nombre de taxa, cependant, les effets décroissent avec le temps. Des especes non 
pathogènes sont tolerantes: Alternaria alternata, Cladosporium herbarum el Mortierella 
subtilissima, el les populations d' Aspergillus nidulans et de Penicillium citrinum augmentent 
aprés traitements. Les éludes sur la recolonisatin des feuilles de soja apres un programme a 
court terme peuvent permettre de mettre au point une application chimique approprice. 
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INTRODUCTION 


During the last two decades much information has accumulated on phyllo- 
plane saprophytic population (FOKKEMA, 1981). Recent interest in environ- 
ment has aroused concern on interaction of fungicides and non-target micro-or- 
anisms (HISLOP, 1976; ANDREWS, 1981).In most of the studies impact of 
assessment have typically dealt with the immediale effect of pesticidal treatment 
on non-target flora (BAINBRIDGE & DICKINSON, 1972; DICKINSON, 
1973). DICKINSON & WALLACE (1976) assessed the spectrum of activity of 
expensive fungicidal programme with the objective of finding out immediale and 
a relatively long term (one year later) disturbances in microbial community. In 
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our experiments interactions of fungicides with leaf surface fungi were examined 
using relatively short spray programmes designed chiefly in relation to leaf spot 
pathogen of soybean. 


MATERIALS AND METHODS 


Soybean cultivar T49 was grown in the plots of botanical garden of the Christ 
Church College (Kanpur) in winter season (Nov-March) 1984. Replicate plots 
were sprayed with captan (WP 50), ziram (WP 80), zineb (VP 75), mancozeb 
(WB 75) and carbendazim cach being apphed on two occasions; at the preflow- 
ering and the flowering stages of the plant. Meteorological regime prevalent in 
duration between each sample dates are averaged and presented in Fig, l. Fun- 
gicides used in these experiments were suspended in sterile distilled water and a 
concentration of 2.0uzg mt sas prepared based upon their active ingredient (a.i.) 
in the commercial formulation. 
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Fig. 1 - Distribution of leaf surface fungi and meteorological variables during samplings. 


Fig. 1 - Distribution des champignons a la surface des feuilles, el variables météorologiques 
durant lexpérimentation. 


Collection of leaf samples for the determination of fungal pepulation was 
made on the seventh day after application of fungicides. Fully expanded leaves 
generally the fourth and the fifth alternate leaf counting from the top bud were 
plucked with sterilized forcep and were collected in new polyethylene bags. The 
leves belonging to one treatment were pooled to make a composite whole. 


Sample populaŭon were obtained by isolating fungi using dilution plate meth- 
od. Fifty leaf disks (5 mm) punched with sterile cork borer at 4 points from 
treated and control leaves were introduced separately into 250 mi flasks contain- 
ing 50 ml sterile distilled water and shaken vigorously for 10 min. ‘The homogen- 
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ate was diluted so that | m! would yield 30-50 colonies per plate. Petridishes 
containing Czapek-dox-agar medium were gently rotated clockwise and anti- 
clockwise to ensure uniform distribution of homogenates. Incubation was done at 
24 + 2°C under a bank of fluorescent light. Determinations of fungal colonies 
were made afler $ days until 15 days. 


Statistical analysis of the data 


Non-normal data preventing criteria for analysis of variance were obtained on 
phylloplane population. In order to stabilize variance the data on colony count 
per replical treatment was transformed for analysis by taking the vx + 1.2 val- 
ues which was found a suitable transformation before proceeding to ANOVA. 


In order to characterize pesticida! impact on phylloplane community follow- 
ing indices of species structure have been used; 


(1) Shannon index of general diversity ( H): 
ee nı san 


eg 2) ee 
N N 
where n, is the number of individuals of each species and N is the tola) number 
of individuals. 
(2) Evenness index (e): pa 
H 


e= 


Jog s 
where H = Shannon index; s = number of species 


(3) Index of similarity (S) between different treatments al different stages of 
crop growth: 
oe 


g= 
A TB 

where A = number of species in sample A, B = number of species in sample B, 

C = number of species common to both samples. 


(4) Index of dissimilarity = 1-S 


RESULTS 


Quantitative data 


Table { shows a picture of phylloplane community with distribution of 
composite phylloplane fungi, number of fungal taxa, diversity ( H ), evenness 
index (e), index of similarity (S) and index of dissimilarity (I-S). The spectrum of 
activity of different fungicides on non-target phylloplane fungi and on the 
pathogen population is shown in Fig. 2. The population of the pathogen 
generally declined following fungicidal application except at the preflowering 
stage with zineb, when there was a promotion in population. An appreciable 
decline in population of Alternaria alternata immediately after application was 
noliced with ziram and carbendazim which prolonged with the former but got 
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nullified with the latter in subsequent samplings. Prolonged depression in 
pathogen population was also recorded with mancozeb and zineb in comparison 
with captan. 
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Fig. 2 - Effect of fungicides on population of total phylloplane fungi and on Alvernaria 
alternata during and after the application. 


Fig. 2 - Effets des fungicides sur la population des champignons du phylloplan et sur 
Alternaria alternata pendant et après application. 


Decline and promotion in compositive phylloplane population was obtained 
with different fungicides on different occasions of sampling (Fig. 3). Ziram appli- 
cation produced nearly 48% depression in composite phylloplane population 
even after 50 days of application. Such m long term effect of residual toxicity of 
chemicals was nullified or reduced with all other fungicides utilized. The vari- 
ations in the distribution of phylloplane fungi with respect to stages of samplings 


were statistically significant (P > 0.005). 


The number of fungal laxa declined soon after fongicidal application but the 
jong term effect was nullified when at subsequent isolation more species were iso- 
lated from treated leaves. The trend of decline in population in individual phytlo- 
plane fungi (Fig. 4) was in conformity with the composite population. 


A total of 2260 individuals from 55 species were isolated from treated and un- 
treated leaves at different stages of growth of soybean. Table 2 enlists relative 
abundance based on the total number of individuals of fungal species and their 
ranking. 
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Fig. 3 - Trends in the distributin of phylloplane fungi before, during and after fungicidal ap- 
plications. Sampling at broken lines show fungicide stress. 


Fig. 3 - Distribution des champignons du phylloplan avant, pendant et apres les applica- 
tions de fongicides, 


Qualitative data 


Fungi isolated from control and treated leaves separately and together are list- 
ed in Table 3. The inclusion of species in this table was attempted after a judi- 
cious elimination from the data on several routine isolations. This has enabled to 
provide a balanced perspective of a broad overview of species abundantly pres- 
ent over leaf surface. The following observations in this respect are perLnent: 


- 28 species of fungi including nearly all frequently occurring phylloplane fun- 
gi were isolated from both treated and control leaves justifying their being called 
true phylloplane inhabitants, 


- 18 species of fungi were isolated following fungicide treatment which other- 
wise were not isolated from untreated leaves, 


- 9 specics of fungi did not appear on treated leaves revealing their sensilivity 
to fungicidal treatment. 


A selective promotion in population of certain components of mycoflora such 
as Aspergillus nidulans and Penicillium citrinum by fungicides is evident from 
Fig. 4. The negligible effect of treatment with promotion in population of non-pa- 
thogenic Alternaria alternata, Cladosporium herbarum and Mortierella 
subtilissima reflects thcir insensitivity to fungicides. Whether such an effect is ac- 
cidental or positive needs to be further ascertained before arriving at final con- 
clusions about spectrum of activity of fungicides, 
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Analysis of community (Table 1) shows that diversity index ( H ), index of si- 
milarity and dissimilarity and number of taxa colonizing the leaves progressively 
declined with age on untreated leaves. A progressive lowering in the values of 


Stages Treatments Ofstribution Number of General Evenness Index of Index of 


(ent) iel akra ha Aapan SAREN ty 
S € 8.72 16 2.47 0.89 z : 
ee ee U I 
8, c 34.1 16 2.35 0.84 b z 
fe ee eee ee 
È 45.5 5 ee) olay 3 £ 
2M 21.0 u 2.08 0.79 0.42 0.58 
4-85 36.0 4 1,49 0.56 0.81 0.59 
53 2-78 70.5 15 1.37 0.60 0.60 0.40 
cA 32.4 7 2.18 0.76 0.58 0.44 
BA 19.8 12 2.19 0.88 0.44 0.56 
rn rrr eee eee 
c 37.0 a 2.25 0.98 : e 
n 47.5 n 1.96 0.81 0,66 0.34 
M-45 24,2 10 2.02 0.88 0.40 0.60 
S4 2-28 11.6 5 1.23 0.76. 0.40 0.60 
cA 12.8 8 1,68 0.79 0.233 0.47 
BA 54.7 2 1.48 0.59 0,54 0.46 
A ee. eS E ee 
í 11.6 6 1.72 0.96 i d 
mM 7.0 12 2.29 0.92 0.44 0.56 
M-45 4.60 19 2,13 0.92 0.50 0.50 
S5 2-78 4.57 3 1.99 0.90 0.26 0,76 
CA 13,0 4 2.14 0.81 8.40 0,60 
SA 12.12 w 1.87 0.81 0.50 0.50 
op ye ee eee es = 2S eee 
c 6.5 l 1.54 0.96 : z 
zM an 6 1.62 0.90 0.36 0.64 
M-45 7.2 3 2.02 0.97 0.18 0.85 
55 2-78 4.8 4 1,27 0.91 0,44 0.56 
cA 5.5 8 1.94 0.93 0.30 0.70 
BA 6.5 i 1.73 0.98 0.36 0,64 


yt 


Sy> seedling; 53, pre-flowering; S3. flowering; Sy. post-flowering; Sg. seed setting; 
Sg. senescent. C, controls sprayed with distilled water only; ZM, ziyam; M-45, 
mancozeb; 2-78, zineb; CA, captan; BA, carbendazim. 


Table | - Numerical distribution, taxa number and indices of phylloplane fungal community 
of untreated and fungicide treated leaves of soybean. 


Tableau 1 - Distribution, nombre de taxa et indices de la communaute fongique du 
phylloplan de feuilles de soja non traitées (C) et traitées. 
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< Individual Relative A İndtłvidual Relative 

Fungal species total abundance Fungal species total abundance 
colonies té} {Contd.} colonies (%) 
Cladoaporitm herbarum 670 29.64 Rhisopus nigricans 12 0.53 
Altermarta alternata 207 9.15 Aepergtttus terreus 11 0.43 
Candida albioms 148 6.54 emmiontella echinata ll 0.48 
Nortterella subttitsstma 137 6.06 Phoma kiberinica n 0.48 
Phoma hemicola 129 5.70 Phoma glomerata 10 0,44 
Acrophialophora fusispora 113 5.0 Fusarium solani r 0.39 
Aspergilius flavus 70 3.09 Vertdetifiuw albo-atrum i 0.22 
Black sterile mycelia 68 3,0 Aapergitlue luchuenais 5 0,22 
Pentatitium ottrinum 61 2.69 Altermarta tenuissima 5 0.22 
Epicoccum purpurascenia 56 2.47 endrophama sp. 5 0.22 
Curvularia lmata 54 2.38% * Paniatitiin chrysogenue 5 0.22 
Fusarium semi tectwn $2 2.30 MM%ralevia terricola t 6,22 
Aspergillus candida 4} 1.80 Taruta harbarwn 4 0,27 
Yellow sterile mycelia ag 1.76 Aspergillus flumtgatue 3 0.13 
Stachybotrya atra 38 1.68 Macrophomina phaseoti 3 0.13 
Drachslara bicolor 31 1.37 Aspergillus clavatus 2 0.08 
Aapergtlius niger 2? 1.19 Aspergillus sulphureus a 9.08 
Sporobolomjcea salmonicolor 26 1.15 Fusarium roseo-grisetm 2 0.08 
Aspergillus nidulana 24 1.06 Helancspora zante 2 0.08 
Sterile sclerotia 21 0,92 Myrotheetws verrucaria 2 0.08 
Trichodarma veeudokoningit ĉl 0.92 Alternaria tongtpes 1 0.04 
White sterile mycelia 18 0.79 Curvularia verrucuiose 1 0.04 
Altermarta cttr? 18 0.79 Diplodia sp. i 0.04 
Aureabasidium puilutans 16 0.70 Grange sterile mycelium 1 0.04 
Fusarium ozysporun 16 0.70 Pink sterile mycelium 1 0,04 
Nigroapora oryzae 13 0,57 Fhizoctonta bataticole 1 0.08 
Cephaloeporiun coremoniun 12 0.53 Nieekadtum sp. 1 0,04 
Chaetomiwn globoowm 12 0.53 


a o o Oo u m m am uM amum 


Relative abundance based on percentage of total colonies of all tndiyiduals isolated from 
dilution plate; total colonies of all individuals = 2260. 
Y Taxa arranged as per thefr relative abundance. 


Table 2 - Total relative abundance of fungal species isolated from untreated and fungicide 
treated soybean leaves. 


Tableau 2 - Abondance relative des espèces isolées a partir de feuilles de soja non traitées et 
traitées. 


these parameters was also obtained in different samplings of fungicide treated 
leaves. An increased value in diversity consequent upon application of carbenda- 
zim and captan individually reflects the predominance of most tolerant species. 
Zineb produced marked reduction in diversity associated with the increasing pre- 
dominance of most abundant species. 
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From both treated and controt 


Altermmaria altemata {Fr.) Keissler 
Aspergillus candidus Link ex Fries 
Acrophialophora fusispora (Saksena) Samson 
Aspergitius terres Thom 

Black sterfle mycelium 

Chaetomium globosum Kuntze ex Steud 
Curvularia lunata {Wakker) Boedi jn 


Epteocewn purpuraecena Ehrenb. ex Schlecht, 


Fuseriton seni tectwn Berk. & Rav. 
Merrmonteliq echinata {Riv.) Galloway 
Phoma hiberinica Grimes O'Connor I Cummins 
Sporobolomyaee galmonicotor , 

Torula herbam 

White sterile mycelia 


From control only 


Alternaria longipes (Ellis E Everh.) Mason 
Aapergitiua tuehuensia Inui 


Dandrophoma sp. 
Melanoepora zame Corda 
Uloctadium sp. 


From treated only 


Aspergitiu: clavatus Desmazieres 
Aspergillus nidulane (Eidam) Winter 
Cephalesporiwn acremmiun Corda 
Fusarium rosee-grisewn 


Rigrospora oryaas (Berk. W Br.) Petch 
Penictiitun chrysogenum Thom 

Phoma glomerata (Carda} Wallemw. E Hochapf 
Rhisopus nigricans Ehrenberg 

Verticilliun albo-atrum Reinke & Berthold 


Table 3 - Filamentous fungi isclated from fungicide treated and or control leaves of soybe- 
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Alternaria ciert Ellis & Pierce apud Pierce 
Aspergillus flawa Link ex Fries 
Aspergtilus niger Yan Tieghem 
Aureobasidium pultulane (De Bary) Arnaud 
Candida albteane i 
Cladosporium kerbarum (Pers.} Link ex S.F, Gray 
Drachatera bicolor (Mitra) Subram.& Jain 
Fusarium poae (Peck) Wo) lenweber 
Macraphomina phaseoli (Maublanc) Ashby 
Mortiereila aubtiliestma Dudemans 

Phoma humicola Gilman E Abbott 
Stachybotrys atra Corda 

Trtchodarma psawiokoningit Rifai 

Yellow sterile mycelta 


Alternaria tenuissima {Kunke m Pers, }Whfte Shire 


Curpularta verrucuicea Tandon & 8flgrami ex 
M.B. E1T4s 
Diplodia sp. 


Rhizoctonia batatiaola 


Aspergillus fimigatuo Fresenius 
Aspergillus sulphtwaus (Fresenius} Thom E Church 
Pusarium oxysporien Synder 


Myrothactum verrucarta {Albertini & Schweinitz) 
M tmar 
Orange sterile mycelia 


Penictllim citrinter Thom 

Pink sterile mycélium 

Sterile sclerotia 

Thtelavia terricola (Gilman & Abbott) Emmons 


Tableau 3 - Champignons isolés a partir de feuilles de soja traitées et/ou non traitées, 


DISCUSSION 


The described spray programme for evaluation of pesticide effect on non-tar- 
get mycoflora was designed primarily to compare a long term effect in succes- 
sional pattern over leaf of a crop by a relatively inexpensive chemical applica- 
tion. Studies on this lype do not eliminate the necessity of using several 
complementary cultural techniques which when followed gave best results with 
the dilution plate in the present case. The data presented here suggest that the 
spray programme timed at two occasions brought maximum decline in fungal 
population immediately after application and that the prolonged impact was ob- 
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Fig. 4 - Occurrence (% frequency) of some frequently isolated non-target fungi on fungi- 
cide treated leaves. Treatments given at sampling I & 11. 


Fig. 4 - Fréquence de quelques champignons isolés fréquemment sur feuilles traitées avec 
les fongicides. Les traitements sont effectués aux échantillonnages [ & 11. 


tained with only ziram. KUTHUBUTHEEN & PUGH (1979) obtained mark 
reduction in soil fungal population by thiram which remained persistant and po- 
pulation did not recover sufficiently. Breakdown products of thiram, carbon di- 
sulphide and dimethylamine, in soil were implicated by them for such persist- 
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ence. Comparable cffect with zineb could have been expected in the present 
study but an apparent stimulation in population of Alternaria alternata explains 
discripency. Extremely low persistence of captan in nalure have been shown in 
earlier studies (BURCHIFIELD, 1960; GRIFFITH & MATHEWS, 1969, AG- 
NIHOTRI, 1971; KUTHUBLTHEEN & PUGH, 1979). Benzimidazole, due lo 
specific mode of action against some seleclive group of fungi, have been demon- 
strated with poor effect and lesser persistence on fungal population (SWIN- 
BURNE & al, 1975; DICKINSON & WALPOLE, 1975; DICKINSON & 
WALLACE, 1976). Wide range speclrum of activity of organo-sulphur com- 
pounds as obtained here is an addition to many reports (DICKINSON, 1973; 
BAINBRIDGE & DICKINSON, 1972; DICKINSON & WALLACE, 1976). 


The schedule of fungicidal spray in the present study was based on occasions 
when the pathogen population attained peak. Evidences presented here show 
early recolonization by non-target fungi and a simultaneous depression in patho- 
gen population on foliage following fungicidal application. It is possible therefore 
lo design a modified chemical programme once posilive role of non-target fungi 
towards disease control is determined. 
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